Abstract Production of chitinase from bacteria has distinct advantages over fungi, due to the formation of mycelia of fungi in the later phase of fermentation. A novel chitinase-producing bacterial strain XJ-01 was isolated from the Yulu fishing field of Changsha, Hunan province, China, by enrichment and spread-plate technique, sequentially. Physicochemical characterization and 16S rRNA sequencing revealed that strain XJ-01 belongs to Serratia marcescens. By optimizing the fermentation condition based on L 9 (3 4 ) orthogonal experimental design, a maximal chitinase activity up to 15.36 U/ml was attained by that stain under the condition: 0.5% (NH 4 ) 2 SO 4 as the nitrogen source, 0.75% colloidal chitin as the carbon source, temperature of 32°C, time of 32 h and pH 8.0.
Introduction
Chitin, a linear polymer of b-1,4-N-acetylglucosamine units with abundance next to cellulose, is the most abundant natural amino polysaccharide [1] . It is widely distributed as a structural component of crustaceans, insects, as well as a component of the cell walls of most fungi and some algae [2] . Its degraded products, viz. low molecular weight chitooligomers, chitooligosaccharides, monomers, have excellent properties such as biocompatibility, biodegradability, non-toxicity, adsorption properties, showing the application potentials in food and nutrition, biotechnology, material and medical science, agriculture and environmental protection [3] .
Chitin could be degraded by chemical, physical, or enzymatical way. Although chemical and physical methods have been industrialized, they are limited by their disadvantages of high cost, low yield and no specificity, even environmental pollution. To contrary, enzymatical degradation of chitin is much more eco-friendly but relatively slow in kinetics [4] . Therefore, enhancing performance of the enzymatical way has been the target for most chitin chemists and engineers, in which the most important thing is to find the high activity of chitinase and the chitinase-producing organisms.
Chitinase-producing microorganisms are reported normally eukaryotic fungi, and very few are bacteria. A brief account on chitinases from microorganisms is listed in Table 1 . Bacteria, however, have distinct advantages in fermentation over the fungi, due to the formation of mycelia of fungi at the later phase of fermentation. Chitinases are glycosyl hydrolases (EC 3.2.1.14), which are present in a wide range of organisms including bacteria, fungi, insects, plants and animals [5] . Detection of chitin-degrading microorganisms from natural sources such as soil and sediments is useful in the isolation of strains that produce chitinase.
In this report, we isolated 21 strains of different chitinolytic microorganisms from soil and sediments. The best chitinase-producing strain was isolated and identified as Serratia marcescens XJ-01 according to its characteristics, and optimization of its fermentation condition for chitinase production was investigated.
Materials and Methods
Reagents EZ-10 Spin Column Genomic DNA Minipreps Kit (Bio Basic Inc.), Taq DNA polymerase (Fermentas), E.N.Z.A. Gel Extraction Kit (Omega Bio-Tek, Inc.), universal PCR primer pair 27F (5 0 -AGAGTTTGATCMTGGCTCAG-3 0 ) and 1492R (5 0 -TACGGHTACCTTACGAC TT-3 0 ) were provided by Sunbiotech Co. Ltd., Beijing, China. Colloidal chitin was prepared from powdered chitin by the method of Xiao [6] . Other reagents were of analytical grade and double distilled water was used.
Culture Media LB medium is a common medium used for identifying bacteria, and selective medium used below is for the sake of obtaining chitinase-producing microorganisms. Generally speaking, strain of S. marcescens will show red colony when grown on medium containing beef extract or peptone [7] . Selective medium contained 1% colloidal chitin (w/v), 0.5% (NH 4 ) 2 SO 4 (w/v), 0.05% MgSO 4 Á7H 2 O (w/v), 0.24% KH 2 PO 4 (w/v), 0.06% K 2 HPO 4 (w/v), pH 7.0. Solidified selective medium was obtained by adding 1.5% agar (w/v) into the selective medium. LB medium contained 1% beef extract (w/v) , 1% peptone (w/v) , 0.5% NaCl (w/v), pH 7.0. Solidified LB medium was from adding 1.5% of agar (w/v) into LB medium.
Enrichment and Isolation of Strain XJ-01
For enrichment of chitinase-producing strains, five samples from different locations in Changsha city region, Hunan province, China, were respectively added into 50 ml sterile selective medium in 150 ml Erlenmeyer flasks, followed by incubation under aerobic condition at 30°C for 24 h. After 3 generations of enrichment, the culture was gradually diluted to a suitable concentration, and then spread on the solidified selective medium, and incubated at 30°C for 3 days. Colonies showing zones of clearance against the creamy background were regarded as chitinase-producing and re-spread until pure cultures were obtained. The isolated strains with an equal inoculum density were respectively subcultured in 100 ml of selective medium in 250 ml flasks shaken at 30°C and 180 rpm. After incubation for 28 h, the culture supernatant was collected for measurement of chitinase activity. Strain with highest chitinase activity present in its culture supernatant was maintained on colloidal chitin agar slant and used for further study. This isolate was named as strain XJ-01.
Cellular Morphology and Sub-Cellular Structure Observation
The morphology and motile behavior of the isolate strain XJ-01 were observed with optical microscope (Olympus CX-31). Surface features of the cells harvested from the exponential growth phase were examined by scanning electron microscope (SEM, JEOL JSM-6360 LV).
Physicochemical Characterization of Strain XJ-01 1 ml of the 24 h-old inoculum (about 1 9 10 8 cells) of strain XJ-01 was inoculated in 99 ml of LB medium, in which the growth curves under different temperature and pH were monitored by direct counting under optical microscope every 4 h. Utilization of typical substrates was investigated by monitoring the growth curves in a basal medium with 0.5% (NH 4 ) 2 SO 4 (w/v), 0.05% MgSO 4 Á7H 2 O (w/v), 0.24% KH 2 PO 4 (w/v), 0.06% K 2 HPO 4 (w/v), pH 7.0, and gradually supplemented with the various typical substrates. V-P test was used for detecting the ability of producing acetyl methyl carbinol by bacteria, and the test was performed by using 5% of a-naphthol and 40% KOH that were added to the medium to be tested [8] .
Amplification, Sequencing and Phylogenetic Analysis of 16S rRNA Gene
The cells of strain XJ-01 were harvested after incubation in liquid LB medium for 24 h. After centrifugation at 10,000 rpm for 5 min, cells were collected and washed several times by Tris-HCl-EDTA (TE) (pH 8.0) buffer. Genomic DNA was extracted by EZ-10 Spin Column [9] .
Phylogenetic Analysis
Homology sequence alignment of the 16S rRNA sequence with other origin from Genebank was performed by using ClustalX 1.8 software, and phylogenetic tree was constructed with MEGA3.1 software based on sequence similarity analysis.
Determination of Chitinase Activity
Chitinase activity was determined by measuring the amount of the reducing end group, degraded from colloidal chitin, as described in the previous [10] . One unit of activity is defined as the amount of enzyme that liberated 1 lmol of reducing sugar per min.
Optimization of Fermentation Condition
For effective production of chitinase, 1 ml of the 24 h-old inoculum (about 1 9 10 8 cells) was inoculated in 99 ml of the liquid selective medium. Suitable carbon source, nitrogen source, temperature and pH for strain XJ-01 were investigated in terms of effects on chitinase activity. Further optimizing these four factors were performed based on L 9 (3 4 ) orthogonal experimental design, as shown in Table 2 . The chitinase activity under each set of design was tested, and based on which the factorial analysis was then performed to find the optimal fermentation condition.
Results and Discussion
Morphology and Micro-Structure of Strain XJ-01
The colony photographs of strain XJ-01 in LB and selective media, and the electron micrograph of strain XJ-01 were observed, respectively. It was found that ivory-white colonies, which were round, smooth, convex and had complete edges (Fig. 1a) were formed after 2 day's incubating of the isolate XJ-01 on the LB solidified agar medium, and clear zones (Fig. 1b) were appeared on solidified selective medium after cultivated for 3 days. Under optical microscope the cells of strain XJ-01 were short rod-shaped, Gram-negative, motile, and most occurring singly during exponential phase in liquid medium (data not shown). Under SEM observation the cells of strain XJ-01 had long peripherally flagella (Fig. 1c) .
Physicochemical Properties
The growth curves of the isolate at different temperature and pH are shown in Fig. 2 . It shows that the optimal temperature and pH are 32°C and 8, respectively. The results of utilization of typical substrates and V-P test are concluded in Table 3 . It shows that strain XJ-01 has the basic characteristics of S. marcescens.
Analysis of 16S rRNA Gene Sequence 1.44 kb of 16S rRNA gene of strain XJ-01 was obtained by sequencing and the accession number in Genebank was FJ530951. The gel picture of amplified product and the phylogenetic tree is shown in Figs. 3 and 4 , respectively. Figure 4 shows that strain XJ-01 shares the most homology with S. marcescens AU763 (99% similarity). In terms of the phenotype and physicochemical properties, strain XJ-01 could be classified as S. marcescens. S. marcescens is gram negative bacterium, classified in the large family of Enterobacteriaceae, occurs in water and soil, on plant, in insects and in man and animal. As one of the most successful microorganisms employed for degrading chitin, the chitinolytic machineries have been best characterized [11] [12] [13] .
Optimal Condition for Chitinase Production
For effective production of chitinase, the effects of carbon source, nitrogen source, pH, temperature and time on the Indian J Microbiol (July-Sept 2011) 51(3):301-306 303 chitinase activity were investigated, and the results are shown in Figs. 5, 6, and 7, respectively. Figure 5 shows the effects of carbon source and nitrogen source on chitinase activity of strain XJ-01, and (NH 4 ) 2 SO 4 and 0.75% colloidal chitin were as the best nitrogen source and carbon source, respectively. Then the effects of chitin and (NH 4 ) 2 SO 4 concentrations on chitinase activity of strain XJ-01 were as shown in Fig. 6 . Figure 7 reflects the effects of pH, temperature and time of fermentation on chitinase activity of strain XJ-01. Based on Figs. 5, 6, and 7, the optimal fermentation conditions for producing chitinase for these single factors are respectively as follows: temperature 32°C, time 32 h, pH 8, 0.5% (NH 4 ) 2 SO 4 as the nitrogen source and 0.75% colloidal chitin as the carbon source.
Orthogonal Test
In order to get the interaction of the above factors on activities of chitinase, the orthogonal test in 3 levels, L 9 (3 4 ) was chosen for further optimization.
The levels of these factors are listed in Table 4 . The range analysis in the orthogonal experiments are shown in Table 2 , Mean 1, Mean 2, Mean 3 are the average of the responses corresponding to levels 1, 2, and 3, respectively, and Range (R) = max(Mean) -min(Mean). The larger the value of Mean, the better the condition, and the larger the value of R, the greater effect the factor. Based on this idea, according to the values of Mean in Table 4 , the best When F 0.10 \ F, the response was recorded as insignificant. In variance analysis, F 0.10 = 9.00 is taken as a reference value, and F [ 9.00 means a significant effect of that factor [14] . According to the results of variance analysis in Table 5 , there were no significant effects of the four factors (carbon source, nitrogen source, temperature and pH).
When cultured at optimal condition, the extracellular chitinase activity could reach its maximum (15.36 U/ml) at 32 h, which is much higher in much less time than many other typical chitinase producing wild type strains such as Serratia sp. PS-2 (0.68 U/ml), S. marcescens QMB1466 (3.66 U/ml), Bacillus circulans No. 4.1 (9.6 U/mg) and Vibrio pacini CY01 (9.97 U/ml) [15] [16] [17] [18] . This result suggests that the isolate XJ-01 has a great potential industrial application in degradation of chitin and other related fields.
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Serratia marcescens AU736
Enterobacter aerogenes JCM1235
Aeromonas hydrophila YT08
Acidithiobacillus albertensis JYC
Streptomyces netropsis SD-07
Dietzia maris C3019
Bacillus subtilis NCD-2
Pseudomonas monteilii SeaH-As4w
Flavobacterium sp. LW53 0.02 
